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^ (S) Catalyst and process for purifying exhaust gases. 
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(|7) Disclosed are a catalyst and a process for purifying exhaust gases. The catalyst Includes a porous 
support, Pt and/or Pd loaded on the porous support, and at least two ingredients loaded thereon and 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present Invention relates to a catalyst for purifying exhaust gases and a process for purifying exhaust 

gases. More particularly, it relates to the catalyst and the process which can efficiently purify nitrogen oxides 
(NOx) in the exhaust gases which contain oxygen in excessive amounts required for oxidizing cart>on nx>noxide 
(CO) and hydrocarbons (HC) therein. 

10 Description of Related Art 

As catalysts for purifying automotive exhaust gases, there have been employed 3-way catalysts so fer 
which oxidize CO and HC and reduces NO^ simultaneously to purify the exhaust gases. For example, the 3- 
way catalysts have been known widely which comprise a heat resistant support formed of cordierite, a catalyst 

f 5 carrier layerformed of gamma-alumina and disposed on the support, and a noble metal selected from the group 
consisting of Pt, Pd and Rh and loaded on the catalyst carrier layer. 

The purifying performance of the 3-way catalysts for purifying exhaust gases depends on the air-fuel ratio 
(A/F) of automotive engine. For instance, when the air-fuel ratio is large, i.e., when the fuel concentration is 
small (oron the fuel-lean side), the oxygen concentration is large. Accordingly, the oxidation reactions purifying 

20 CO and HC are active, but the reduction reactions purifying NO, are inactive. On the other hand, when the 
air-fuel ratio is small, i.e., when the fuel concentration is more (or on the fuel-rich side), the oxygen concen- 
tration Is small. Accordingly, the oxidation reactions are inactive, but the reduction reactions are active. 

Moreover, when driving automobiles, especially when driving automobiles in urban areas, the automobiles 
are accelerated and decelerated frequently. Consequently, the air-fuel ratio varies frequently in the range of 

25 from the values adjacent to the stoichiometric point (or the ideal air-fuel ratio) to the fuel-rich side. In order to 
satisfy the low fuel consumption requirement during the driving in urban areas, it is necessary to operate the 
automobiles on the fuel-lean side where the air-fuel mixture containing oxygen as excessive as possible is 
supplied to the engines. Hence, it has been desired to develop a catalyst which is capable of adequately pur- 
ifying NOx on the fuel-lean side (i.e., in the oxygen-rich atmospheres). 

30 Underthe circumstances, as set forth in Japanese Unexamined Patent Publication (KOKAI) No. 5-168860, 

the applicants of the present invention disclosed a catalyst with rare-earth elements including La, and Pt load- 
ed. With the catalyst, NOx is absorbed on the rare-earth elements during the the fuel-lean side (i.e., in the oxy- 
gen-rich atmospheres) driving, and it is purified by reacting with the reducing gases such as HC and the like, 
when the automobiles are driven under the air-fuel ratios at the stoichiometric point or on the fuel-rich side 

35 (i.e., in the oxygen-lean atmospheres). Thus, the catalyst is superb in the purifying performance of NOx even 
on the fuel-lean side (i.e., in the oxygen-rich atmospheres). The catalyst is believed to provide the advanta- 
geous effect because the rare-earth elements are loaded on the support in a form of the simple oxides and 
the simple oxides of the rare-earth elements and they react with NOx so as to produce the nitrates thereof. 
However, the exhaust gases usually contain SO2 which are produced by burning sulfur (S) contained in 

40 the fuel. Further, the catalyst ingredient oxidizes SO2 to SO3 in the oxygen-rich atmospheres (i.e., on the fuel- 
lean side). Then, SO3 reacts readily with water contained in the exhaust gases to produce sulfuric acid. The 
sulfate ions or the sulfite ions react with rare-earth elements to produce the sulfates or the sulfites incapable 
of absorbing NO^. Accordingly, the catalyst is not completely satisfactory in terms of the NOx purifying perfor- 
mance and the durability of the performance at elevated temperatures. 

45 

SUMMARY OF THE INVENTION 

The present invention has been developed in view of the aforementioned circumstances. It is therefore an 
object of the present invention to efficiently purify NOx in exhaust gases containing oxygen in excessive 
50 amounts and improve the catalyst in terms of the durability of the NOx purifying perfonmance at elevated tem- 
peratures. 

In accordance with the present invention, a catalyst or a process comes to be able to carry out the above 
object, and they can simultaneously purify carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases. It is one of the features of the present 
55 invention that novel and specific ingredients are loaded on the catalyst for purifying exhaust gases which is 
brought into contact with the exhaust gases containing oxygen in excessive amounts. Unless otherwise spe- 
cified, the loading amounts of the catalyst ingredient or the following ingredients mean the amounts thereof 
loaded on a unit volume of a porous support and expressed in grams or moles with respect the unit volume 

3 
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to Pt and Pd. The loading amount of the cata^t inoredfenr^r^^^^^ -"^d't'on 
prams/lrter when one of the catalyst ingredlentfare J^ad^ th^^^^ ^ ^^"^^ °^ ° ^0 

.namngeoffromo.ltoiograms/llterin total When ^e^^^^^ 
can further preferably fall in a range of 0.5 to sTglBSer^^^^^^^^ *^^^ 

-he%^rLz~-:~ 

10 lected from the ga,up consisting o^rare-^Trih e eme^^^^^^^ fl "^'^ '"^^^'^"^ 

such as La. Pr. Nd and Sm. The loading amou n s of th^ 1? ^ ' ^"^ ""^^ Preferably be lanthanides 
0.05 to 2.0 moles/llter In total. When th'e !n^^tntl arVloadeTnt "'"'^'^"^ ^ '^"S^ 
duraWI Ity of the NO, purifying performance deteiJi^tes ^ ^ItlT, °' '"^ "'"it- the 

loaded in an amount more than the upper limtThe S^nSl^ 1 '"''^'^'"^^ '^"^ ingredients are 

« and the porous support diminishes the ZrtS a-^a He^^Ts'^^^^^^ 'T''"' 

loadrng amounts deviating from the range ' ^ ""P^^^^^^ble to load the ingredients in such 

addii%r;rvrdU"ci::^^^^^^^^ 

one second ingredient loaded thereon The f irsnrnr;? » ? * ingredient loaded thereon, and at least 
^ elements including La. The second ing^^J^^^^^^^^^^ 9-"P consisting of rare-e^S 

as Fe. Ni. Co and Mn. The rare-earth elerTnts fnclu^^^^^^^^^ 

arKJ Sm. The loading amount of the f irs rgredienU^^^^^^^^^^ ''^T'' S"ch as La. Pr. Nd 

a range of from 0.05 to 1.0 mole/liter. T^^tos67ng a^J^n^^ '"^"'^'■^"'> P^^^^-^W^ fe« 

Wd'ent)canpreferablyfalllnarangeoffromoJ5to^^^ 
25 andtheloadingamountofthesecondingreS'Sn J^^^^^^ 

totaL When the first ingredient and the seSnd ^ngTediem^^^^^ ' °' ° *° ^-O moleLliter in 

thedu,3b„rty,,theNO,purifyingperformanceZ^^^^^ 

and the second ingredient are loaded in an amount mn™*!!^ '^^'^*"'^^- When the first ingredient 
sultingfrom the loading satumte. and the porousrpprtdi ^^^^^^^ T''^ advantageous effects re- 
«> to lc«d the first ingredient and the second ingSt rsucXJ^l "''^^'^^- ""Preferable 
In a third aspect of the present invention a c^tel^, - !. ^ "^^''^""S ^^'^ 'he range, 

dition to the above-described catalXng 'T' ^^^^^ *° ^^'^^ invention comprises, in ad- 

are selected from the greup cons Jng ^SS^e'taiV and h^evZ ^r' L?"^"* "^^^ '"S^^-nts 

oadmg amounts of the two Ingredients (or the ^o aLTmU T^"^*^^ ^nd Cs. The 

f rom 0.05 to 2.0 moles/liter in total. When^hl ingredie^^^^^^ ^'^'^''y ^" « -"ge of 

the durability of the NO, purifying performance dettioratel if 1 °^ '^'^ 

are loaded in an amount more than the upper^imrt ThH^valtr^^ ^''^ '"9^«'««nts 

urate and the porous support diminishes fife suSfarea^^^^^^^^^ '^""f '^""'""^ '""^ '<«<«"9 ^- 
such loading amounts deviating from the range ' * ""P'^^rable to load the ingredients in 

second ingredient loaded thereon. The Lt ingi'dt Itlf selel^^ .1 "^''^^ ^"^ ^' 

The second ingredient is selected f rem the grC Sniping o^^^^^^ T "'"''"""^ 
metals can preferably be K. Li. Na. Rb and Cs The r^r^eartS ^ J^Z . ^^""^""^ ^a- "^he alkali 

n.des such as La. Pr. Nd and Sm. The loading amount of th^ ^ P^^^^^^^^V lantha- 

preferably fall in a range of from 0.05 to 1 0 i^Sr tS« S "^^t^l ingredient) can 
rare-earth element ingredient) can preferably Sf^a lie .ff '^^^^^^ °' ^^'^^"^ (or the 

Of the first ingredient and the loading amount o he Zin^Z^^^f '° ' ' T'^"'^'"- '^^ '"^^'"^ ^'"O""* 
0.1 to 2.0 moles/llter in total. When the first ingredient a^d 1.?^ " '"^^^^^^^ ^ ^«"9« 'rom 
less than the lowerlimit. the durabilityof the NO f 'ngredient are loaded in an amount of 

When the first ingredient and the siondlngX" ^^^^ 

advantageous effectsresultlngfrom the loalgsat^^^^^^^ andfhJ!^ amount more than the upper limit, the 

second ingredient loaded thereon. The Lt rngre^mT^^^^^ 
and .t can preferably be K. Li. Na. Rb and Cs. ^h^tl^dT Xt IT 1^^^^^ 

yicuieni is selected from the group consisting of 
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transition elements, and it can preferably be Fe, Ni, Co and Mn. The loading amount of the first ingredient (or 
the alkali metal ingredient) can preferably fall in a range of from 0.05 to 1.0 mole/liter. The loading amount of 
the second ingredient (or the transition element ingredient) can preferably fall in a range of from 0.05 to 1.0 
mole/liter. The loading amount of the first ingredient and the loading amount of the second ingredient can pre- 

5 ferably fall in a range of from 0. 1 to 2.0 moles/liter in total. When the first ingredient and the second ingredient 
are loaded in an amount of less than the lower limit, the durability of the NO^ purifying performance deteriorates 
at elevated temperatures. When the first ingredient and the second ingredient are loaded in an amount more 
than the upper limit, the advantageous effects resulting from the loading saturate, and the porous support di- 
minishes the surface area. Hence, it is unpreferable to load the first ingredient and the second ingredient in 

10 such loading amounts deviating from the range. 

in a sixth aspect of the present invention, a catalyst according to the present invention comprises, in ad- 
dition to the at>ove-described catalyst ingredients, at least two Ingredients loaded thereon. The two ingredients 
are selected from the group consisting of alkaline-earth metals, and they can preferably be Mg, Ca, Ba and 
Sr. The loading amount of each of the two ingredients (or the two alkaline-earth metal ingredients) can pre- 

15 ferably fall in a range of from 0.05 to 1.0 mole/liter, and the loading amounts of the two ingredients can pre- 
ferably fall in a range of from 0.1 to 2.0 moles/liter in total. When the ingredients are loaded in an amount of 
less than the lower limit, the durability of the NOx purifying performance deteriorates at elevated temperatures. 
When the ingredients are loaded in an anrK)unt more than the upper limit, the advantageous effects resulting 
from the loading saturate, and the porous support diminishes the surface area. Hence, it is unpreferable to 

20 load the ingredients in such loading amounts deviating from the range. 

In a seventh aspect of the present invention, a catalyst according to the present Invention comprises, in 
addition to the above-described catalyst ingredients, at least one first ingredient loaded thereon, and at least 
one second ingredient loaded thereon. The first ingredient is selected from the group consisting of alkaline- 
earth metals, and it can preferably be Mg, Ca, Ba and Sr. The second ingredient Is selected from the group 

25 consisting of rare-earth elements including La. and it can preferably be one of lanthanides such as La, Pr, Nd 
and Sm. The loading amount of the first ingredient (or the alkaline-earth metal ingredient) can preferably fall 
in a range of from 0.05 to 1 .0 mole/liter. The loading amount of the second ingredient (or the rare-earth element 
ingredient) can preferably fall in a range of from 0.05 to 1 .0 mole/liter. The loading amount of the first ingredient 
and the loading amount of the second ingredient can preferably fall in a range of from 0.1 to 2.0 moles/liter in 

30 total. When the first ingredient and the second ingredient are loaded in an amount of less than the lower limit, 
thedurability of the NOx purifying performance deteriorates at elevated temperatures. When the first ingredient 
and the second ingredient are loaded in an amount more than the upper limit, the advantageous effects re- 
sulting from the loading saturate, and the porous support diminishes the surface area. Hence, it is unpreferable 
to load the first ingredient and the second ingredient in such loading amounts deviating from the range. 

35 In an eighth aspect of the present invention, a catalyst according to the present invention comprises, in 

addition to the above-described catalyst ingredients, a plurality of ingredients compositely loaded thereon. The 
ingredients are Ba. Li, La, Ce and Zr. These five ingredients can be compounded in any composition unlimit- 
edly. However, when the porous support is formed of alumina, it is preferred that Ba is compounded in an 
amount of from 8 to 45 mole % to 1 00 mole % of alumina, Li is compounded in an amount of from 4 to 1 8 mole 

40 % thereto. La is compounded in an amount of from 4 to 12 mole % thereto, Ce is compounded In an amount 
of from 1 7 to 45 mole % thereto, and Zr is compounded in an amount of from 4 to 9 mole % thereto. 

As to a material for constituting the porous support, it can, for example, be alumina, zeolite, zirconia, silica 
alumina, silica, or the like. These materials can be formed into the porous support, or they can be coated on 
a honeycomb support formed of cordierite, heat resistant metal, or the like. 

45 In accordance with a process of the present inventk^n for purifying exhaust gases, either one of the eight 

present catalysts is brought into contact with oxygen-rich exhaust gases, whose oxygen concentrations are 
the stoichiometric point or more required for oxidizing the components to be oxidized therein, thereby purifying 
the exhaust gases. 

In the first aspect of the present invention, the present catalyst comprises at least two ingredients selected 
so from the group consisting of rare-earth elements including La and loaded compositely on the porous support. 
The two ingredients retrieve SO2 contained in the exhaust gases into the present catalyst in a form of composite 
sulfetes. 

In the second aspect of the present invention, the present catalyst comprises at least one first ingredient 
selected from the group consisting of rare-earth elements including L^, and at least one second ingredient se- 
55 lected from the group consisting of Fe, Ni, Co and Mn. The first and second ingredients are loaded compositely 
on the porous support, and they retrieve SO2 contained in the exhaust gases into the present catalyst in a form 
of composite sulfates. 

In the third aspect of the present invention, the present catalyst comprises at least two ingredients selected 
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gred.erjts retrieve SO, contained in the exhaTs^ases into Ihe ZTt ^ ^"PP"'*- ^« 

In the seventh aspect of the present invention T Present catalyst in a form of composite sulfates 

s^«*edfromtheg™upconsistinVor;i:;r^^^^^^ 

the group consisting of rare-earth elements InduSng The jLf '"9'«*«nt selected from 
^t?o-:™™ 

en. catalysts. hrough^inlSn^^^^^^ 

gases ,s retneved by the action of the ingrediems ?nto th^ o^ ' nf Ti f «^haust 

The resulting composite sulfates are oZlTkTtl^.^ ^ °' "^-nposite sulfates 

ranging from the stoichiometric atmosph^ to Sf/i^?^? T'*"^^ ^* temperatures in the atmosphe^s 
P»'«''«s)thanthesimplesulfatesresuitinofrom hJ"„!i:":^^^^^ »he 

oxygen-lean atmos- 

SSn '■"""^'^ ^' ^"«» ""^t^' inS'^diel a'n^ tt 1^^^^^ ^''^ 'dearth element 

the.r NO. storage abilities because the composirlulS^s are ingredients can reproduce 

Thus, in the fuel-lean atmospheres <i e in tl^^ I'^ly to decompose and release SO, 

the present catalyst for purifying 5,^St is;L it atmospherBS). NO, is absorbed or stored in 

Phere to the fuel-rich atmosVeres otrtS-oi^^^^^^^ 

conto.nedlntheexhaustgases.anditisreru^StoTN^^^^^^^ is reacted with CO and HC 

atmosphere to the fuel-rich atmospheres (i.e.. in th^o^^^^ 

^^;:^i=-^^^^ 

theyhardlygrowtothe crystalline sulfates because^e^mo^^ ^iametere. and 

SO,. As a result, they can be tept to be highly diperled S a to^^^^^^ 

areas capable of contacting NO,, and they c^^al^ll^JT^ '^"'^ "^^^ '^'^ producelarge surface 

|Ba^ion. Hence, the composite loading Svi, tob?^e oTth *° *° » 'e ca^fy^ 

the h,gh catalyst activity even after it fs suljSto a har^hl^hTr"' "'^ '^'^y^' "4 

In particular, in the eighth aspect of th^ 7- furat»l>ty test 

dients operate compos Jy rrSSta^et so aTi!"''""""- " " '"vestigation how the five inqre- 

tUe durability is believed to be rh^^^trse tTsT,::!!^^'""'""^ """^ catalyst Horv^t 

cause the other four ingredients, e.g.. Li La Ce and Vr f "'^J°'^,«»'"P°"ent absorbing NO, and SO,, and be^ 
resulting from the compounding of la and S<r.:::J:ZT.T° ^""^^''^ ''ecompose the 

composite sulfates 

extoM ga»a o<«aln <«yoan In «,ca«s„ aZLT »" »» fuel-ton a* the 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Having generally described the present invention, a further understanding can be obtained by reference 
to the specific prefen'ed embodiments which are provided herein for purposes of illustration only and are not 
5 intended to limit the scope of the appended claims. Unless otherwise specified, a term, "parts," hereinafter 
means "parts by weight" 

First Prefened Embodiments 

10 1 00 parts of an alumina powder, 70 parts of alumina sol containing alumina in an amount of 10% by weight. 

15 parts of an aqueous aluminum nitrate solution containing aluminum nitrate in an amount of 40% by weight, 
and 30 parts of water were mbced, thereby preparing a slurry for coating. 

Then, a plurality of honeycomb supports formed of cordierite were immersed into the slurry, and thereafter 
each of them was blown to blow away the slunry in excess. After drying, each of the supports was burned at 

15 600 ^'C for 1 hour, thereby forming an alumina coating layer thereon. The alumina coating layer was thus coated 
on the support in an amount of 120 grams with respect to 1 liter of the support. 

Each of the honeycomb supports with the alumina coating layer formed thereon was immersed into an 
aqueous platinum dinitrodiammine solution or an aqueous palladium nitrate solution, and thereafter it was 
blown to blow away the water droplets in excess. After the blowing, each of the supports was dried at 250 **C 

20 for 3 hours, thereby loading Pt or Pd thereon. The loading amounts of Pt or Pd are set forth In Table 1 below. 

Finally, each of the honeycomb supports with Pt or Pd loaded was immersed into a mixed aqueous solution 
which contains nitrates of rare-earth elements including La in predetermined concentrations. The term, "rare- 
earth elements," hereinafter means "rare-earth elements including La." The rare-earth elements employed 
were La, Pr, Nd and Sm. Each of the mixed aqueous solutions was prepared by mixing the nitrates of rare- 

25 earth elements with water so as to load the rare-earth element ingredients in loading amounts set forth in Table 
1 below. Each of the supports was then blown to blow away the water droplets in excess. After drying, each 
of the supports was burned at 600 ""C for 1 hour, thereby completing each of the present catalysts designated 
at No. 1 through No. 9 in Table 1. ^ 

30 Second Preferred Embodiments 

A plurality of honeycomb supports with Pt loaded were prepared in the same manner as described in the 
"First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqueous sol- 
utbn which contains not only a nitrate of rare-earth elements but also a nitrate of transition elements in pre- 

35 determined concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of rare- 
earth elements and the nitrate of transition elements with water so as to load the rare-earth element ingredient 
and the transition element ingredient in loading amounts set forth in Table 1 below. The transition elements 
employed were Fe, Ni, Co and Mn. Each of the supports was then blown to blow away the water droplets in 
excess. After drying, each of the supports was burned at 600 *>C for 1 hour, thereby completing each of the 

40 present catalysts designated at No. 1 0 through No. 21 in Table 1 . 

First Comparative Examples 

First Comparative Examples, e.g., comparative catalysts designated at No. 22 through No. 29 in Table 1 
45 below, were prepared in the same manner as described in the "First Preferred Emt)odiments" section except 
that each of the honeycomb supports with Pt or Pd loaded was immersed into an aqueous solution which con- 
tains one and only nitrate of rare-earth elements, thereby loading one and only rare-earth element ingredient 
thereon. 

50 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 

5 was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then In the 15-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO, HC and NOx. The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 1. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sul> 

10 jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 **C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 

15 NOx. The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 1. 

Evaluation 

20 It is appreciated from Table 1 that the present catalysts with two rare-earth element ingredients loaded, 

the present catalysts with a rare-earth element ingredient and a transition element ingredient loaded were im- 
proved in terms of the NOx conversion after the durability test over the comparative catalysts with one and 
only rare-earth element ingredient loaded. 

25 Third Prefen-ed Embodiments 

A plurality of honeycomb supports were prepared by coating them with the alumina coating layer in the 
same manner as described in the "First Preferred Embodiments" section. 

Each of the honeycomb supports with the alumina coating layer formed thereon was immersed into an 
30 aqueous platinum dinitrodiammine solution or an aqueous palladium nitrate solution, and thereafter it was 
blown to blow away the water droplets in excess. After the blowing, each of the supports was dried at 250 ^'C 
for 3 hours, thereby loading Pt or Pd thereon. The loading amounts of Pt or Pd are set forth in Table 2 below. 

Then, each of the supports with Pt or Pd loaded was immersed into a mixed aqueous solution which con- 
tains nitrates of alkali metals in predetermined concentrations. Each of the mixed aqueous solutions was pre- 
35 pared by mixing the nitrates of alkali metals with water so as to load the alkali metal ingredients in loading 
amounts setforth in Table 2 below. The alkali metals employed were Li, Na, K, Rb and Cs. Each of the supports 
was then blown to blow away the water droplets in excess. After drying, each of the supports was burned at 
600 ''C for 1 hour, thereby completing each of the present catalysts designated at No. 30 through No. 41 in 
Table 2. 

40 

Fourth Preferred Embodiments 

A plurality of honeycomb supports with Pt loaded were prepared in the same manner as described in the 
"First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqueous sol- 

45 utk>n which contains not only a nitrate of alkali metals but also a nitrate of rare-earth elements in predetermined 
concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of alkali metals and 
the nitrate of rare-earth elements with water so as to load the alkali metal ingredient and the rare-earth element 
ingredient in loading amounts set forth in Table 3 below. Each of the supports was then blown to blow away 
the water droplets in excess. After drying, each of the supports was burned at 600 ""C for 1 hour, thereby com- 

so pleting each of the present catalysts designated at No. 51 through No. 64 in Table 3. 

Fifth Preferred Embodiments 

A plurality of honeycomb supports with Pt loaded were prepared in the same manner as described in the 
55 "First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqueous sol- 
ution which contains not only a nitrate of alkali metals but also a nitrate of transition elements in predetermined 
concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of alkali metals and 
the nitrate of transition elements with water so as to load the alkali metal ingredient and the transition element 
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Second Comparative Examples 

Secx)nd Comparative Examples, e.g., comparative catalysts designated at No. 42 through No. 50 in Tables 
2, 3 and 4, were prepared in the same manner as described in the Third, Fourth and Fifth Preferred Emt)odi- 
5 ments" sections except that each of the honeycomb supports with Pt or Pd loaded was inrvnersed into an aqu- 
eous solution which contains one and only nitrate of alkali metals, thereby loading one and only alkali metal 
ingredient thereon. 

Examination for Purifying Performance 

10 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 
was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 1 5-mode for another certain period of time, thereby examining the present and 

15 comparative catalysts for the conversion of CO, HC and NOx- The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Tables 2, 3 and 4. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 
jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 

20 temperature of the exhaust gas introduced into them at 650 ®C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 
NOx The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Tables 2,3 and 4. 

25 

Evaluation 



It is appreciated from Tables 2, 3 and 4 that the present catalysts with two alkali metal ingredients loaded, 
the present catalysts with an alkali metal ingredient and a rare-earth element ingredient loaded, and the present 
30 catalyst with an alkali metal Ingredient and a transition element ingredient loaded were improved in terms of 
the NOx conversk>n after the durability test over the comparative catalysts with one and only alkali metal in- 
gredient loaded. 

Sixth Preferred Emt>odiments 

35 

A plurality of honeycomb supports were prepared by coating them with the alumina coating layer in the 
same manner as described in the "First Preferred Embodiments" section. 

Each of the honeycomb supports with the alumina coating layer formed thereon was immersed into an 
aqueous platinum dinitrodiammine solution and/or an aqueous palladium nitrate solution, and thereafter it was 
40 blown to blow away the water droplets in excess. After the blowing, each of the supports was dried at 250 **C 
for 3 hours, thereby loading Pt and/or Pd thereon. The loading amounts of Pt and/or Pd are set forth in Table 
5 below. 

Then, each of the supports with Pt and/or Pd loaded was immersed into a mixed aqueous solutton which 
contains two nitrates of alkaline-earth metals in predetermined concentrations. Each of the mixed aqueous 
45 solutions was prepared by mixing the two nitrates of alkali metals with water so as to load the two alkaline- 
earth metals in loading amounts set forth in Table 5 below. The alkaline-earth metals employed were Ba, Mg, 
Ca and Sr, and they are combined and loaded. Each of the supports was then blown to blow away the water 
droplets in excess. After drying, each of the supports was burned at 600 **C for 1 hour, thereby completing 
each of the present catalysts designated at No. 77 through No. 90 in Table 5. 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1,6 liters. The vehicle 

5 was driven in the urban area running mode, for Instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 1 5-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO, HC and NOx. The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 5. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 

10 jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust tine of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 **C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 

IS NOx. The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 5. 

Evaluation 



20 It is appreciated from Table 5 that the present catalysts with two alkaline-earth metal ingredients loaded 

were improved in terms of the NO^ conversion after the durability test over the comparative catalysts with one 
and only alkaline-earth metal ingredient loaded. Among the present catalyst, it is apparent that the present cat- 
alysts No. 77 through No. 79 on which the combination of Ba and Mg were loaded exhibited distinguished ad- 
vantageous effects over the other present catalysts. 

25 

Seventh Preferred Embodiments 

A plurality of honeycomb supports with Pt and/or Pd loaded were prepared in the same manner as descri- 
bed in the "First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqu- 

30 eous solution which contains not only a nitrate of alkaline-earth metals but also a nitrate of rare-earth elements 
in predetermined concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of 
alkaline-earth metals and the nitrate of rare-earth elements with water so as to load the alkaline-earth metal 
ingredient and the rare-earth element ingredient in loading amounts set forth in Table 6 below. Each of the 
supports was then blown to blow away the water droplets in excess. After drying, each of the supports was 

35 burned at 600 ""C for 1 hour, thereby completing each of the present catalysts designated at No. 95 through 
No. 111 in Table 6. 

Fourth Comparative Examples 

40 Fourth Comparative Examples, e.g., comparative catalysts designated at No. 11 2 through No. 115 in Table 

6 below, were prepared in the same manner as described in the "Seventh Preferred Embodiments" section 
except that each of the honeycomb supports with Pt or Pd loaded was immersed into an aqueous solution which 
contains one and only nitrate of alkaline-earth metals, thereby loading one and only alkaline-earth metal in- 
gredient thereon. 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 

5 was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 15-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO. HC and NOx. The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 6. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 

10 jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas Introduced into them at 650 **C, After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 

15 IMOx The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 6. 

Evaluation 

20 It is appreciated from Table 6 that the present catalysts with an alkaline-earth metal ingredient and a rare- 

earth element ingredient loaded were improved in terms of the NOx conversion after the durability test over 
the comparative catalysts with one and only alkaline-earth metal ingredient loaded. 

Eighth Preferred Embodiments 

25 

A plurality of honeycomb supports with Pt or Pd loaded were prepared in the same manner as described 
in the "First Preferred Embodiments" section. Then, each of the supports was first immersed into an aqueous 
solution which contains barium acetate in a predetermined concentration, and it was dried thereafter. Moreover, 
four aqueous solutions containing one of lithium nitrate, lanthanum nitrate, cerium nitrate and zirconium oxy- 

30 nitrate in predetermined concentrations were prepared in this order. Each of the supports was further im- 
mersed into the four aqueous solutions in the order of the preparation of the aqueous solutions, and it was 
dried thereafter repeatedly. Each of the five aqueous solutions was prepared by mixing the solutes with water 
so as to load the five ingredients in loading amounts set forth in Table 7 below. Each of the supports was then 
blown to blow away the water droplets in excess. After drying, each of the supports was burned at 600 ''C for 

35 1 hour, thereby completing each of the present catalysts designated at No. 116 through No. 121 in Table 7. 

Fifth Comparative Examples 

Fifth Comparative Examples, e.g.. comparative catalysts designated at No. 122 through No. 126 in Table 
40 7 below, were prepared in the same manner as described in the "Eighth Prefenred Embodiments" section ex- 
cept that either one of the five ingredients was not loaded thereon. 
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After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 
jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 ^'C. After this bench test was over, each of them 
5 was again disposed in the exhaust line of the actual vehicle. The vehide was driven in the same manner as 
descrit)ed above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 
NOx. The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Tesr in Table 7. 

10 Evaluation 

It is appreciated from Table 7 that the present catalysts with all of the five ingredients loaded were improved 
in terms of the NOx conversion after the durability test over the comparative catalysts lacking either one of 
the five ingredients. 

15 Having now fully described the present invention, it will be apparent to one of ordinary sidll in the art that 

many changes and modifications can be made thereto without departing from the spirit or scope of the present 
invention as set forth herein induding the appended claims. 

Disdosed are a catalyst and a process for purifying exhaust gases. The catalyst indudes a porous support, 
Pt and/or Pd loaded on the porous support, and at least two ingredients loaded thereon and capable of reacting 

20 with NOx and SO2 contained in the exhaust gases to form nitrates and composite sulfates. Since the resulting 
composite sulfates are likely to decompose at low temperatures in the oxygen-lean atmospheres (i.e., in the 
fuel-rich atmospheres), the catalyst can absorb more NOx thereon. As a result, the catalyst can purify more 
NOx. Further, a second ingredient selected from the group consisting of transition elements can substitute for 
one of the two co-catalysts. Moreover, the catalyst is superb In the NOx purifying performance even after being 

25 subjected to a harsh durability test, in the process, the catalyst is brought into contact with oxygen-rich exhaust 
gases, whose oxygen concentrations are the stoichiometric point or more required for oxidizing the compo- 
nents to be oxidized therein. 



30 Claims 

1. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
35 porous support; 

said catalyst is characterized in that: 

at least two ingredients selected from the group consisting of rare-earth elements induding 
La is further loaded on said porous support. 

40 2. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 
45 at least one first ingredient selected from the group consisting of rare-earth elements indud- 

ing La is further loaded on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Ni, Co and Mn is 
further loaded on said porous supporL 

50 3. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 
55 at least two ingredients selected from the group consisting of alkali metals is further loaded 

on said porous support. 

4. A catalyst for purifying exhaust gases, comprising: 
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a porous support; and 
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, 'east one second inoroH- . ®"*''^""elals is further load- 
» porous supp,^ <»>npi»in9: 

■ porous suppod:.M "^"""p™'"*- 

»'"o«„,s,lsch,„^«,„^^ °"'*'«°'"'»"^."«.lo««csa« 

bnnging oxygen-rich exhaust ' ^"^P'°'=^«'»mprising the step 

K =P<"0"s support; and »*> a eaWysc 
Pc™»s'^7 s.,so« ,^ 

20 process compnsing the step 
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of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst 
said catalyst, comprising: 
5 a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pi and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 
10 at least one first ingredient selected from the group consisting of rare-earth elements 

including La, and loaded on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Ni, Co and 
Mn, and loaded on said porous support 

f5 11. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric pointer 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst 
20 said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Ft and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
25 said catalyst further comprises: 

at least two ingredients selected from the group consisting of alkali metals, and load- 
ed on said porous support. 

12- A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
^ gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 

of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 
^ a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 
^ at least one first ingredient selected from the group consisting of alkali metals, and 

loaded on said porous support; and 

at least one second ingredient selected from the group consisting of rare-earth ele- 
ments including La, and loaded on said porous support. 
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13. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

at least one first ingredient selected from the group consisting of alkali metals, and 
loaded on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Nt, Co and Mn, and 
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loaded on said porous support 

J a porous support; and 

said catalyst further comprises- 

a porous support- 

onsaidp.ou:?urp:;r.:^---'-^^^^^^^ 

sa.d process is characterized in that- and loaded 

said catalyst further comprises- 

16. A process for simultaneously purifyina carbon ,» 

a porous support; and 

said catalyst further comprises- 

Ba. Li. U Ce and 2r loaded on said porous support. 
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(S) Catalyst and process for purifying exhaust gases. 

(57) A catalyst for purifying exhaust gases includes a 
porous support, at least one catalyst ingredient selec- 
ted from Pt and Pd. and additk>nal ingredients indud- 
ing (1) at least two rare-earth elements Including La, 
(2) at least one rare>earth element including La and at 
least one transition element selected from Fe, Ni. Co 
and Mn. (3) at least two alkali metals. (4) at least one 
alkali metal and at least one rare-earth element in- 
cluding La. (5) at least one alkali metal and at least 
one transition element selected from Fe, Ni. Co and 
Mn, (6) at least two alkaline-earth metals. (7) at least 
one alkaline-earth metal and at least one rare-earth 



element including La, or (8) Ba. Li. La, Ce and Zr. A 
process for purifying an exhaust gas. by contacting 
the catalyst v^th an exhaust gas. is also provided. 
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CLAIMS INCURRING FEES 



Th« present European patent application comprised at trie time of nung more tnan ten claims. 

Q All claims fees nave been paid wltNn the prescribed time umii. The present European «.arch report has been 
drawn up for all claims. 

Q Only pan of the claims fees have been paid within the prescribed time UmiL The present European search 
report has been drawn up for the first ten claims end for those claims for which claims lees have been paid, 
namely claims: 

□ No Claims fees have bean paid wdhm the prescribed time UmiL The present European search report has been 
drawn up tor the first ten claims. 



LACK OF UNITY OF INVENTION 



Tne search Oiv.s.on considers mat the present European paten, appilcatton does not comply with the requirement of unity of 

mvenuon and relates to several inventions or groups of inventions. 

namely: 

See sheet -B- 



J5tj AH further search tees have been paid within the fi.ed time mnit. The present European search report has 
been drawn up for an claims. 

Q Only pen Of the further search tees have been paid within the fixed time Umlt. The present European search 
report has been drawn up for those parts of the European patent appllcaUon which relate to the lmr«wion. in 
respect of which search tees have been paid. 

namely clatms: 

□ Non, Of t«e hmn,, ,^ ^ ^„ ^ ^ ^ ^^^^^^ e„,op,,„ „erch ..port 

h.s be,a o,8w« „p to, p,,„ 01 m. pa„„, .opue^KW «h«h rli. » m. m,i«uoi> first 

mentioned in the claims. 

namely claims: 
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LACK OF UNITY OF INVENTION 



Tha Search Ohnsion consider* ihet tfie pmont European patent 
inventon and f aiatas to eavafa! inwwuions or groupe of p w o rn i o ca, 



application doas not ooniply wm tfta requir«nwn of ure^ 



1. CladLms 1,2,4,7-10,12,15,16 : Cat.= Pt, Pd + RE + 

(RE or AM or AEM or Fe, Ni, Co, 
Mn or) or (Ba, Li, Zr) 

2. Claims 3,5,11,13 : Cat. = Pt, Pd + AM + (AM or 

Fe, Ni, Co, Mn) 

3. Claims 6,14 : Cat. = Pt, Pd + AEM + AEM 



See annex 
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First invention: 



Claim 1,9 
Claim 2,10 
Claim 4,12 
Claim 7,15 

Claim 8/16 



A catalyst for purifying exhaust gases, 
comprising; a porous support and at least 
one catalyst ingredient from the group of 
Pt and Pd, said catalyst is characterized 
Dy : 

one first ingredient from the group of 
rare -earth elements ; and 

one second ingredient from the group of 
rare-earth elements; or 
Fe, Ni, Co, Mn; or 
alkali metals; or 
alkaline earth metal; or 

said catalyst is characterized in that 

Ba, Li, La, Ce and 2r are further loaded 

on said porous support. 



Second invention: 



Claim 3,11 
Claim 5,13 



A catalyst for purifying exhaust gases, 
comprising: a porous support and at least 
one catalyst ingredient from the group of 
Pt and Pd, said catalyst is characterized 
by: 

one first ingredient from the group of 
alkali metals ; and 

one second ingredient from the group of 
alkali metals ; or 
Fe, Ni, Co, Mn. 



Third invention: 



Claim 6,14 



A catalyst for purifying exhaust gases, 
comprising: a porous support and at least 
one catalyst ingredient from the group of 
Pt and Pd, said catalyst is characterized 
by: 

at least two ingredients from the group of 
alkaline earth metals. 



The claims 1,2,4,7-10,12,15,16 relating to the first invention 
contain a common technical feature (a catalyst containing one 
ingredient of the rare earth elements and one other 
ingredient) whilst the claims of the second and third 
invention do not have this characteristic. 

^^^''^5'?^^ claims 3,5,6,11,13,14 are not searched without 

an additional payment of fees. 
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